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I. INTRODUCTION

A worn gun tube produces many variations in interior and exterior
' ballistic performance and makes the determination of performance parameters
' unreliable. To accelerate and launch a projectile properly from a gun tube, a
rotating band or obturator is placed around the projectile near its base to
make the projectile fit tightly in the bore, thereby preventing the escape of
propellant gases. Gun tubes erode from repeated firings by the motion of high
temperature gases and residues generated from burning propellant, by chemical
l action, and by friction between the projectile and the bore. As the gun tube
erodes, the initial pressure needed to accelerate the projectile is reduced
and hot gases escape around the projectile causing increased tube wear,
decreased projectile velocity, and decreased launch stability. To reduce the
variability in these parameters, several methods can be used to try to
reproduce the ballistics of a good gun tube.

One practice to compensate for an eroded gun tube is to machine or mold a
rotating band or obturator of larger diameter than the eroded cross section of
the barrel at the critical seat position. This would require either a
slightly larger band or obturator for each firing or several made to the same
oversize diameter. However, the first one would be difficult to seat and have
to be rammed whereas the last would tend to be easy to seat.

A second practice is to transport the gun tube to a machine shop where
either part of the chamber end of the gun tube would be removed and a new
chamber would be machined in the tube to eliminate the worn area, thereby
making the gun tube shorter, or boring out the chamber in order to replace the

I removed material with a sleeve having the original chamber dimensions.

These practices are time-consuming and produce additional problems for
the ballistician and test personnel. 1In order to be able to continue testing
without having to perform either of the above mentioned practices, a
projectile was designed that would produce consistent shot-start pressures.

II. REQUIREMENT

During the barrel design phase of the Traveling Charge Program1 it was
decided to fabricate a ballistic tube in such a manner as not to be
constrained by a specific length of a propellant chamber. Therefore the tube
was fabricated as a 40-mm smoothbore from breech to muzzle, as shown in Figure
1. This design allowed the projectile to be positioned at specific distances
from the breech face, thereby allowing the ballistician to have control of the
chamber volume, propellant charge weight, charge-to—-mass ratio and propellant
density.

The projectiles that were initially used (labelled "1'" and '"2" shown in
Figure 2) were forced into the bore to the proper distance for a specific ‘
chamber volume, the band obturator being slightly larger than 40-mm. The area
in which the projectiles were seated became eroded after about twenty firings
and the projectiles fit loosely into the tube. As a consequence, good

I.W. May, AF . Baran, P.G. Baer, P.S. Gough, "The Traveling Charge
Effect,” Memorandwn Report ARBRL-MR-03034, July 1980. (AD B052 135L)
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ignition of the propellant bed could not be obtained. A substantial and
consistent shot-start pressure was needed in order to obtain proper ignition
of the propellant bed for comparative results. Just making the rotating band
larger, to accommodate the wear, would not provide similar shot-start
conditions.

III. DESIGN

A means of obtaining a consistent shot-start pressure was required. One
method was to attach a known diameter rod to the base of the projectile and to
the breech face with the propellant around the rod. Knowing the properties of
the rod, a pressure at which the projectile would apply a force that would
shear the rod could be determined analytically and could easily be verified
experimentally, This would work for loose propellant. However, with solid
cylinders of consolidated propellant, an additional problem of providing a
hole through the center of the cylinder would have to be considered.

Another method was to place a rod of a specific diameter through the
barrel in front of the projectile that would shear at a specific load. This
would preclude a specific set of chamber volumes instead of a variable
chamber. Special plugs would be required for each set of chambers to prevent
gas leakage and a clamping device would be needed to secure the shear rod.
This method had potential hazards of damaging the projectile and/or the bore
if the rod did not shear properly.

A method was required to produce repeatable shot-start pressures, while
the bore surface was becoming larger after each shot because of erosion, and
to cause minimal damage to the projectile and the bore surface in the
process. Another major constraint was that the projectile had to weigh 160
grams.

An idea to meet these needs was conceived and called the "Shot-Start
Projectile Apparatus,” detailed in Appendix A. The apparatus consists of a
special projectile. The first design of this projectile is shown assembled in
Figure 2 (Labelled "3") and in Figure 3 and disassembled in Figure 4. The
metal parts (1, 3 and 5) were made of aluminum and the bands (2 and 4) were
made of low density polyethylene. These five parts include an alignment nut
(1), front band (2), alignment sleeve (3), rear band (4) and a torque bolt
(5). The alignment nut is considered the front of the projectile. The
outside diameter of the bands 1s slightly larger than the other three parts of
the apparatus.

The front and rear bands are identical. The front end of the band has
the outside diameter chamfered with an included angle of approximately 60
degrees. The alignment sleeve is symmetrical. The head of the torque bolt is
considered the rear of the projectile.

The following procedure is used to assemble the shot-start projectile:
1) the rear band is placed on the shaft of the torque bolt with the outside
chamfer facing the threads of the shaft when positioned against the torque
bolt head, 2) the alignment sleeve is then placed on the shaft of the torque
bolt followed by the front band, 3) the front band is placed on the shaft to
be symmetrical with the rear band, and 4) the alignment nut is then tightened

10
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by hand on the torque bolt shaft, with the conical surface facing the front
band, until all five components are finger tight.

The projectile is inserted in the tube to the projectile seat position.
The torque bolt is rotated clockwise while holding the alignment nut from
rotating. The rear conical surfaces of the bands have a slightly smaller
included angle than the mating parts where localized contact occurs. As the
alignment and torque bolt are tightened, a force is applied circumferentially
to the bands at the point of interference between the bands and the mating
parts that force the bands outward against the tube wall. The amount of torque
applied to the torque bolt determines the normal force (N) with which the
front and rear bands exert against the tube wall. On the ignition of the
propelling charge, the projectile resists the driving force by virtue of
static friction between the bands and the tube wall. The magnitude of this
force, t, directed rearwards parallel to the tube axis, is given by

t < p N

where y is the coefficient of static friction.

In actual operation the charge is placed into the chamber and the breech
closed. As ignition occurs, the flame from the igniter initiates burning
throughout the main propellant charge that provides sufficient pressure to
assure its good ignition before the shot starts to move. The front and rear
hands provide obturation to prevent hot propellant gases from leaking in front
of the projectile.

The alignment nut, part 1, is a retaining nut, used to position the front
hand and secure the assembled apparatus. The flat end contains four small
diameter holes 90 degrees apart that are the same radial distance from the 1
center line of the nut to accept a four pronged spanner used to tighten the
apparatus. The opposite end has an included -onical angle of approximately 90 B
deyrees used to align the front band and force the band radially agaiust the |
vun tube wall.

The front band, part 2, is a band/obturator. The position of the 60
degree included chamfer on the outside diameter is the front. The internal
front conical angle of 90 degrees mates with the conical angle of the
alignment nut., The internal rear conical angle of approximately 84 degrees a
dovs not mate with the conical angle of the alignment sleeve. Therefore, as S
the assembly is tiyghtened, more band surface area is forced against the tube S
wall dincreasing the normal force. -

The alignment sleeve, part 3, is a symmetrical spacer used to transmit 3
cqual force ayainst hoth the front and rear bands as the assembly is L
tightened. The included angles of both ends are approximately 90 degrees. -

The rear band, part 4, is identical to the front band and is positioned
with the outside chamfer angle facing the alignment nut. The internal front
conical angle is the same as the conical angle of the alignment slceve. The
internal rear conical angle of approximately 84 degrees does not mate with the
conical angle of the torque bolt, Thereby as the assembly is tightened, more

band sarface area is forced against the tube wall increasing the normal force.

13
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from rotating until the friction force was sufficient to prevent rotation
between the components themselves and with the bore surface.

VII. OONCLUSIONS

A means was required to insure proper ignition of the main propellant
charye in a worn gun tube. The shot-start projectile apparatus was designed
to fulfill this requirement. This projectile was fabricated to a set of
drawing specifications which do not change even though the gun tube continues
to erode from continual firing. Therefore, a gun tube that ordinarily would
be unserviceable due to wear can still be useful with such an apparatus. This
projectile is easily positioned and secured at the desired projectile seat.
Some of the advantages of the use of this type of projectile are:

1. The desired resistive force necessary for proper ignition and burning
of specific propellants can be selected.,

2. The projectile can be positioned in a wear region to provide good
obturation.

3. The projectile could be used in a smoothbore or rifled tube,
4, The projectile uses nonmetallic bands which reduce gun tube wear.

5. Use of this projectile can extend the life of a gun tube by a
considerable number of rounds.

6. The feasibility of this 40-mm shot-start projectile has been

demonstrated and its use has provided reproducibility in obtaining
consistent shot-start pressures.

25
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frequency and breech pressure vs time of each round are presented in Figures 8
and 10. The output of the breech pressure gage and the gage where the base of
the projectile is positioned for each round are plotted in Figures 9 and 11.
The measured pressure at the base of the projectile at start of projectile
motion for round 54 is 22.8 MPa (3.3 kpsi) and for round 56 is 11 MPa (1 .65
kpsi). The data correlation was performed in two steps because of the manner
in which the data were stored in the computer disc.

Normally, at the same point in time, the breech pressure is higher and
has a faster rise time than the base pressure. 1In these tests the igniter was
placed between the propellant charge and the base of the projectile. As can
be observed and was expected this setup initially produced a higher base
pressure than a breech pressure.

A plot of shot-start pressure vs applied torque is presented in Figure
12. To understand how these data were determined, refer to Figure 10. A
deviation in the 10 GHz signal from its baseline indicates when the projectile
has started to move. A vertical line was drawn at this point to intersect the
breech gage output in order to determine the breech pressure at this time. A
vertical line is drawn on Figure 11 at the same point in the time scale.
Where this line crosses the output signal of the gage positioned at the base
of the projectile determines the shot-start pressure. The breech pressure
gage is also plotted as a position check.

The small sample of data does not show any direct correlation between the
static calibration and the dynamic results as related to the shot-start
pressure. The static calibration was conducted to determine if a linear
relationship did exist between the applied torque, which produced an axial
outward force, and a statically applied load on the base of the projectile.
This was the case as was shown earlier in Figure 5.

VI. DISCUSSION

The shot-start projectile was designed to restrain the projectile from
moving until the ignition train had successfully ignited the main propellant
charge. Several design changes including material changes occurred throughout
the test program.,.

To reduce weight the alignment sleeve material was changed from aluminum
to Nylon 6/6. The front and rear bands were fabricated from Nylon 6/6 and low
density polyethylene. The Nylon 6/6 was a better bore rider than the
polyethylene, however, the polyethylene was more consistent in shot-start
reproducibility at specific torque settings.

The initial method of positioning a projectile in the ballistic tube,
Fiyjures 1 and 6, required a long extension rod to hold the alignment nut from
rotating until the friction force was sufficient to restrain the components
from slipping on one another and the bands from slipping on the hore
surface. Since a h.1 meter bhallistic tube, Figure 13, was to be used, a new
method was needed to hold the alignment plug from rotating. To resolve this
problem a 3.2 millimeter hole was drilled through the center of the torque
bolt. The alignment nut was drilled and tapped with a 3 millimeter left hand
tine thread. TIn this way one was able to position and set the torque from the
hbreech end of the ballistic tube by using a rod to retain the alignment nut

22
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The torque bolt, part 5, is the base of the projectile and used as a
guide for the alignment sleeve and is a screw for the alignment nut. The
front end of the torque bolt is threaded for tightening the apparatus. The
remainder of the shaft to the conical taper of the head is machined to a close
tolerance for support of the alignment sleeve. The included conical angle is
90 degrees. This angle is larger than the mating angle of the rear band.
Therefore, as the assembly is tightened, more band surface area is forced
against the tube wall increasing the normal force. The rear face of the
torque bolt has four small diameter holes 90 degrees apart at the same radial
distance from the center-line of the bolt to accept a four-pronged socket used
to tighten the apparatus.

IV. TEST SET-UP
A. Calibration

To obtain a calibration constant for applied torque vs shot-start
pressure, a shot-start projectile was positioned in a section of a discarded
40-mm gun tube and was set to a specific torque setting. A rod was placed
against the base of the projectile and a Baldwin testing machine was used to
obtain the static load necessary to start motion. These data are plotted and
presented in Figure 5. This test was conducted to check the linear
relationships at specific torque levels. The low density polyethylene used as
the band material tended to slowly conform to the void around the metal parts
of the projectile, relieving the initial torque. After 60 seconds, the
assembly was tightened further to bring the torque back up to the desired
level. Apparently no significant flow took place after this, as subsequent
tightening was unnecessary to maintain the desired torque.

B. Instrumentation

A 40-mm smoothbore gun tube, Figure 6, was used to measure the shot-start
pressure. "Minihat" pressure transducers® were mounted in the gun tube at the
breech end of the chamber and at the location where the base of the projectile
was positiouned prior to firing, is shown in Figure 7. A 10 GHz microwave
interferometer was used to obtain the start of projectile movement and its
travel throughout the length of the gun tube. The Ballistic Data Acquisition
System (BALDAS) which is basically a PDP-1l computer system was used to
automatically control the sequencing and operation for calibration, firing,
initiating data retrieval, data conversion, and data storage.

V. RESULTS

Tests were conducted to correlate the shot-start pressure for selected
amount ; of torque applied to the projectile. Data were obtained for torque
levels of 13.6 Nm, 3B.9Nm, 47.5Nm, and 67.8Nm. OQther intcermediate levels were

® attempted; however, the data channels were noisy and of poor quality. Data
from two of the rounds fired, numbered 54 and 56, are presented in plotted
form as a function of time in Figures 8 through 11, The interferometer

J . . .y .
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1
SHOT START PROJECTILE APPARATUS

GOVERNMENTAL INTEREST

The invention described herein may be manufac-
tured. used and hicensed by or for the Government for
governmental purposes without the payment to me of
any rovalty thereon

BACKGROUND OF THE INVENTION

The present invention relates to the field of art deal-
ing with projectiles. More particularly, the present in-
vention relates to an apparatus which can be secured n
4 new Oor worn gun tube to obtain improved ballistic
results

A worn gun tube produces many vanations in inte-
nor and extenior ballhistic performance and makes the
determinations of performance parameters unreliable.
Gun tubes erode from repeated firings by the movement
of high temperature gases and residues generated from
burning propellant, by chemical action and by friction
between the projectile and bore. As the gun tube
erodes, the 1nitial pressure required to accelerate the
projectile 1s reduced and hot gases escape around the
projectile causing increased wear and a substantial re-
duction in projecule velocity and launch stabthity. In
order to solve this problem, the following two methods
are known 1n the prior art

First method 1s to machine or mold a rotating band or
obturator of larger diameter than the eroded cross sec-
tion of the barrel at the criucal seat position. This re-
quires a shightly larger band or obturator for each firing
or several made to the same oversize diameter. How-
ever, the first band would be difficult to position prop-
erly and the last would tend to be easy to position prop-
erly

A second method 1s to rechamber the gun tube in a
machine shop, thereby making the gun tube shorter or
boring out the chamber to replace the removed material
with a sleeve having the original chamber dimensions

The basic shortcoming in prior art methods have
related to an absence of improved ballistic results. Fur-
ther, said methods are time consuming and produce
addinonal problems to the balhistician and test person-
nel. This problem has, in the prior art, proven to be a
formidable one. Accordingly, the present invention is
intended as a solution to said problems

SUMMARY OF THE INVENTION

The present invention discloses a shot-start projectile
apparatus for a worn gun tube. The apparatus can be
fitted to a projectile as an ancillary obturator or can be
designed to the proper weight and used as the projec-
ule The apparatus comprises a torque bolt having a
shaft threaded at one end and having a head at the
opposite end thereof, a rear band having conical sur-
faces, said band being disposed on the shaft of the
torgue bolt with an outside chamfer facing the threaded
shaft when positioned against the torque bolt head, an
ahgnment sleeve engaging the comcal surfaces of the
rear band. a front band symmetrical in shape with the
rear band and the front band having engagements
against the ahgnment sleeve. and an alignment nut hav-
ing a conical surface facing the front end in which inside
thread of the nut securely engages all of the components
of the apparatus The front and rear bands can be made
from metalhc or non-metallic matenal The remaining
components are made of metal The alignment nut 1

w
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2

considered the front of the projectile The front and
rear bands provide obturation to prevent hot propeliant
gases from leaking in front of the projecule.

It 15 an object of the present invention 1o provide an
apparatus that can be fitted to a projectile as an ancillary
obturator or designed to the proper weight and used as
the projectile

It 15 a further object of the present invention to pro-
vide an apparatus which can be eastly secured in a new
or worn gun tube to obtain a destred imitial pressure in
the chamber that will insure proper igmition and burn-
ing of the propellant to achieve improved ballistic re-
sults.

It i1s a yet further object of the present invention to
provide improved usefulness to a worn gun tube which
is considered as unserviceable.

It is a sull further object of the invention to reduce
gun tube wear.

BRIEF DESCRIPTION OF THE DRAWINGS

F1G. 11s a partial cross-sectional view of a shot-start
projectile apparatus, in an assembled form

FIG. 215 an exploded view of al! the elements of the
apparatus in unassembled form.

FIG. 3 1s a partial breakway view taken along line
A—A of FIG 1 showing inside cross-sectional view,
the angular relationship between the torque bolt and the
rear band of the apparatus.

FIG. 415 a graph of Load to Start Motion V. Torque
Applied to Projectile.

FIG. § is a graph of Pressure V. Time. for round 54

FIG. 6 is a graph of Pressure V. Time for round 54
illustrating comparison of the output of the breech pres-
sure gage and the base of projectile gage

FIG. 7 is a graph of Pressure V. Time for round 56

FIG. 8 is a graph of Pressure V. Time for round 56
illustrating comparison of the output of the breech pres-
sure gage and the base of projectile gage.

DETAILED DESCRIPTION OF THE
INVENTION

As shown in FIG. 1, a shot-start projectile apparatus
10 is1llustrated as an assembled apparatus comprising an
alignment nut 12, a front band 14, an alignment sleeve
16, a rear band 18, and a torque bolt 20. The front and
rear bands 14 and 18 are identical and they can be made
from metallic or nonmetallic material. The alignment
nut 12, the alignment sleeve 16 and the torque bolt 20
are made of metal. The front end of the band has the
outside diameter chamfered with an included angle of
approximately 60 degrees. The torque bolt 14 compnises
a threaded shaft 22 at one end and a head 24 at opposite
ends of the shaft.

As shown in FIG. 2, the rear band 18 is placed on the
shaft of the torque bolt 20 with the outside chamfer
facing the threads of the shaft when positioned against
the torque bolt head. The alignment sleeve 16 is placed
on the shaft of the torque bolt followed by the front
band 14 The front band 14 is placed on the shaft to be
symmetrical with the rear band 18 The alignment nut
12 15 then threaded by hand on the torque bolt shaft,
with the comcal surface facing the front band 14, until
all the components of the apparatus 10 are finger-tight.

The apparatus 10 1 1nserted in the gun fube (not
shown) to the projectile seat posiion. The torque bolt
20 1< rotated clock-wise while holding the ahgnment nut
12 from rotating This causes the conical surfaces, has -
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ing an ancluded angle of approximately 90 degrees. of
the alignment nut 12, ahgnment sieeve 16 and the torque
bolt 20 to engage against the conical surfaces of the
front and rear bands 14 and 18 As the alignment nut 12
and the torgue bolt 20 are tightened. the front conical
angle of the ahgnnment sleeve 16 and the torque bolt 20
engage more surface area of the rear included comical
angle of approximately 84 degrees of the front and rear
bands 14 and 18 The torque applied to the torque bolt
20 determines the normal force N with which front and
rear bands exert against the gun tube wall The actual
static force F2 uN where p s the coefficient of static
frictton

A charge. not shown. 1s placed nto the weapon
chamber and the breech closed. Asignition occurs, the
pressure moreases and with the flame spreading pro-
vides the proper media for good igmtion and burning of
the main charge The pressure produced by the burning
of the main charge overcomes the static friction force
and the projectile 1s propelled down the gun tube by the
rapidly increasing pressure The front and rear bands 14
and 18 respectively provide obturation 10 prevent hot
propellant gases from leaking in front of the projectile.

The alignment nut 12 has a flat end 26 w hich contains
four small diameter holes 28 w hich are 90 degrees apart
and are the same radial distance from the center line of
the nut to accept a {our pronged socket used to tighten
the apparatus 10 The opposite end has an included
conical angle of approximately 90 degrees used to align
the front band 14 and force the band radsally against the
gun tube wall. not shown.

The front band 14 is a band/obturator. The position
of the ) degree included chamfer on the outside diame-
ter 15 the front The internal front conical angle of 90
degrees mates with the conical angle of the alignment
nut 12 The internal rear conical angle of approximately
84 degrees does not mate with the conical angle of the
alignment sleeve 16 Therefore. as the assembly is tight-
ened more band surface area is forced against the tube
wall increasing the normal force.

The alignment sleeve 16 1s a symmetrical spacer used
to transmit equal force against both the front and rear
bands as the assembly is tightened. The included angles
of both ends are approximately 90 degrees.

The rear band 18 1s 1dentical to the front band 14 and
15 positioned with the outside chamfer angle facing the
alignment nut 12 The internal front conical angle is the
same as the conical angle of the alignment sleeve. The
internal rear conical angle of approximately 84 degrees
does not mate with the conical angle of the torque bolt.
Therefore, as the assembly 1s tightened more band sur-
face area is forced against the tube wall increasing the
normal force.

Ay shown in FIG. 3, the comical taper 30 of the head
24 1s machined to a close tolerance for support of the
alignment sleeve. The included conical angle 1s 90 de-
grees This angle 1s larger than the mating angle of the
rear band 18 Therefore, as the assembiy is ughtened
more band surface area 32 is forced against the tube
wall increasing the normal force. The rear face 34 of the
torque bolt has four small diameter holes 36 which are
posinoned 90 degrees apart and are the same radial
distance from the center line 38 of the bolt 20 to accept
a four pronged socket, not shown, which may be used
10 tighten the apparatus 10.

The outside diameter of the bands 14 and 18 are
shghtly larger than the diameters of the other three
parts 12, 16 and 24 of the apparatus 10.

0
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The shot-start projectile apparatus 10 has heen de-
signed. fabricated, calibrated and successfully tested
The ahgnment nut 12, ahignment sleeve 16 and torgue
bolt 20 have been fabnicated from aluminum and the
front band 14 and rear band 18 have been fabricated
from such matenal as polyethelene The shotstart pro-
Jectile was positoned 1n a section of discarded 'mm gun
tubes at specific torque settings A rod was placed
against the base of the projecule and a Baldwin tesning
machine was used 10 obtau. the static load necessary to
start motion This data s plotted and presented in FIG
4 A 40 mm smooth bore gun tube has been used to
measure the shot-shart pressure “Muimhat” pressure
transducers are mounted in the gun tube at the breech
end of the chamber and at the position where the base of
the projectle is prior te finng A 10 GHz microwave
interferometer was used to obtain the start of projecuile
movement and its travel throughout the length of the
gun tube. Data from two of the rounds fired. 54 and 56.
are presented in plotted form in FIGS § through 8 The
interferometer and breech pressure V. time of each
round are presented in FIGS §and 7. The output of the
breech pressure gage and the gage where the base of the
projectile is positioned V time for each round are plot-
ted in FIGS 6 and 8 The measured pressure at the base
of the projectile at start of projectile mouon for round
54 is 22.8 MPa (3306 ps1) and for round 56 1s 11 MPa
(1595 psi).

As shown in FIG. 7, when the 10 GHz signal deviates
from its baseline. motion of the projectile has started A
vertical line was drawn at this point to intersect the
breech gage output to determine the breech at this point
in time. A vertical line 1s drawn on FIG. 8 at the same
point in the time scale. Where this line crosses the out-
put signal of the gage positioned at the base of the pro-
jectile determines the shot-start pressure. The breech
gage is also plotied as a position check.

Accordingly, while there have been shown and de-
scribed the preferred embodiments of the present inven-
tion, it will be understood that the invention may be
embodied otherwise than as herein specifically 1llus-
trated or described and that within said embodiments
certain changes in the detail and construction, and the
form of arrangement of the parts may be made without
departing from the underlying 1dea or principles of this
invention within the scope of the appended claims

I claim:

1. A shot-start projectle apparatus for a worn gun
tube. which comprises:

(a) a torque bolt having a shaft, said shaft being
threaded at one end and having a head at the oppo-
site end thereof which includes a comcal taper
thereon;

(b) a rear band having a plurahty of unequally angled
conica) surfaces, said rear band having an outside
chamfer thereon, said outside chamfer facing the
threaded shaft when one of the conical surfaces of
the rear band 1s positioned on the shaft against the
conical taper of said torque bolt head:

{c) an alignment sleeve having conical surfaces on
each end thereof, one end engaging one of the
other comcal surfaces of the rear band.

(d) a front band having a plurality of unequally an-
gled conical surfaces, said band being sy mmetncal
in shape to said rear band, said rear band and sad
front band having conical surface engagements
against said alignment sleeve. and
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(e) an alignment nut having a conical surface facing
said front band, 1n which inside thread of said nut
sccurely engages the threaded shaft of said torque
bolt.

2 The shot-start projectile apparatus as recited in
claim 1.1n which said torque bolt shaft, upon tightening
compnises means for producing a normal force between
the inside surface of the gun tube and both of said bands
in order to restrain projectile motion until a desired
pressure 15 reached in said gun tube.

38
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3. The shot-start projectile apparatus as recited in
claim 1 in which the front and rear bands comprises
means for providing obturation for prevention of hot
propellant gases from leaking in front of the projectile,
and means for axially aligning said projectile in said gun
tube.

4. The shot-start projectile apparatus as recited in
claim 1, in which a rear face of said torque bolt com-
prises a plurality of grooves in which a pronged socket

is received to tighten said projectile.
[ ] [ 2 * ] L

e e e e e e et ian RN



— T TV e T T T

No . of
Copies

DISTRIBUTION LIST

Organization

Administrator
Defonse
ATTN: DTIC-DDA
Cameron Station
Alexandria, VA 22304-6145
Director
Defense Advanced Research
Projects Agency
1400 Wilson Boulevard
Arlington, VA 22209

Commander

S Army Materiel Command
ATTN: AMCBRA-ST

500] Eiscenhower Avenue
Alexandria, VA 223133-0001

Commander

HSA AMCCOM,ARCD
ATTN:  HCAR-LC
hDover, NJ 07801

Commander

Armament R&D Center

U'SA AMCCOM

ATTN: S1CAR--TSS
SACAL -TDC

NDover, NJ 07801
Commander
Armament R&D Center
U'SA AMCCOM
S EVCAR=-SC, Mr. Godonski
SRS OCWL Nr. Geeter
SHMGAR-SC, Mr. Kabn

NMover, Y2 G7EG]

Director

Benet Weapons Laboratory
Armament Rah Center

'SA AMCCOM

ATTN: S¥cpn~-Luk-1 1
Watervliiet, NY 12189

Copmarde »

1S My Develeprert and
top tevoert Agency

ATTLe MODE=-TLED-5AT
“ort Lewis, Wi Ox431

. . .
R, WL S I, B S

Technical Info Center

-,

No. of

C i el A ol Ml T Sl

I

Oopies

- o .’
D PR T . G W

~

AT~ -
BTGl 0. W )

R . - ~ o~

Organization

Commander
USA Armament, Munitions
and Chemical Command
ATTN: SMCAR~ESP-L
AMSHC-TSE-SW,
R. Radkiewicz
Rock Island, IL 61296

Commander
USA Aviation Research
and Development Command
ATTN: AMUAV-E
4300 Goodfellow Blvd
St. Louis, MO 63120

Director

USA Air Mobility Research
and Development Laboratory

Ames Research Center

Moffett Field, CA 94035

Commander
USA Electronics Research

and Development Command
Technical Support Activity
ATTN: DELSD-L
Fort Monmouth, NJ 077035301

Commander
IISA Missile Command
ATTN: /AMSMI-R

AMSMI-YDI,
Redstone Arsenal, AL 35898
Commander
UISA Harry Diamond Labs
ATTN:  DELHD-TA-L
2800 Powder Mill Road
Adelphi, MD 20783

Commander

I'SA Communications-
Llectrenics Cemmand
ATTN:  AMSEL-ED

Fort Moamouth, NJ 07703

HODA
DAMA-ART-M
Vashivetoen,

DC 20310

.. . . vt 2

PPN T T Sh Uy W)

PP S T

=

ok nlnd,

i -+ e

AT X ARTWERE .. -

[, SV LR




c T
TR T WL TR T TR W R TR TG LT R T ST TR o s -

DISTRIBUTION LIST

No. of No. of
Copies Organization Copies Organization
] Commander 1  AFWL/SUL ;
USA Electronics Command Kirtland AFB, NM 87117 .
ATTN: AMSFL-RD ]
Fort Monmouth, NJ 07703 Aberdeen Proving Ground j
2 Commander Dir, USAMSAA !
USA Mobility Equipment ATTN: AMXSY-D X
Research & Development (Omnd AMXSY-MP, H. Cohen :
ATTN: AMDME-WC Cdr, USATECOM .
AMSME~-TST ATTN: AMSTE-TO-F -
Fort Belvoir, VA 22060 Cdr, CRDC, AMCCOM .
ATTN: SMCCKR-RFP-A *
2 Director SMCCR-RSP-A -]
USA TRADOC Systems SMCCR-MU 1
Analysis Activity SMCCR SPS-IL .
ATTN: ATAA-SA )
ATAA-SL j
White Sands Missile Range Dir, CSTA %
NM 88002 ATTN: STECS-AA y
STECS-AA-A 3
5  Commander DIR, USAHEL 1
JSA Tank Automotive Command .
ATTN: AMCPM-FVS -
AMCP M- S-G ﬂ
AMSTA-CV-D ;
AMSTA-UL
AMSTA-TSL
Warren, MI 48090

Commander

USA Infantry School
ATTN: ATSH-CD-CSO-0OR
Fort Benning, GA 31905

Air Force Armament Laboratory
ATTN: AFATL/DLODL
Eglin AFB, FL 32542-5000

Commander
IS Naval Weapons Center
ATTN: Code 233
Code 12
China Lake, CA 93555

Commander

I'S Marine Corps

ATTN: AX

Washington, DC 20380

40




USER EVALUATION SHEET/CHANGE OF ADDRESS
This Laboratory undertakes a continuing effort to improve the quality of the
reports it publishes. Your comments/answers to the items/questions below will

aid us in our efforts.

.  BRL Report Number Date of Report

g

Date Report Received

3. Does this report satisfy a need? (Comment on purpose, related project, or
other area of interest for which the report will be used.)

1. How specifically, is the report being used? (Information source, design
data, procedure, source of ideas, etc.)

5. Has the information in this report led to any quantitative savings as far

as man-hours or dollars saved, operating costs avoided or efficiencies achieved,

etc? If so, please elaborate.
I

6. General Comments. What do you think should be changed to improve future
reports?  (Indicate changes to organization, technical content, format, etc.)

Name

CURRENT Organjzation

ADDRESS

Address

City, State, Zip

[f indicating a Change of Address or Address Correction, please provide the
New or (orrect Address in Block 6 above and the 01d or Incorrect address below.

Name

OLD Organization
ADDRESS

Address

City, State, Zip

(Remove this sheet along the perforation, fold as indicated, staple or tape
closed, and mail.)

SYII, NP STENERT T T VEPE LR S AP ST L

Y Y PR

e

J
Y
]
]




4

4

A

4

»i

]

-4

- — — — — — — FOLDHERE — — — — — — — — — l’

tor

my Ballistic Research Laboratory NO POSTAGE
AMXBR-0D-ST NECESSARY

et , IF MAILED .

een Proving Ground, MD 21005-5066 IN THE o

UNITED STATES »

FFICIAL BUSINESS . .

TY FOR PRIVATE USE. $300 BUSINESS REPLY MAIL )

FIRST CLASS  PERMIT NO 12062  WASHINGTON,DC I ‘]

POSTAGE WILL BE PAID BY DEPARTMENT OF THE ARMY ] J

DR d

Director [ ]

US Army Ballistic Research Laboratory ] :

ATTN: AMXBR-0D-ST .

Aberdeen Proving Ground, MD 21005-9989 ] 3

— "




—y
!

™ el anIha

8-85

<

Bttt

.Y e Al
‘g P R o B g

m




